availability of new technologies. • Input from frontline workers in the evaluation and selection of engineering and work practice controls. • A log of sharps injuries.
Updates of the compliance directive reflecting the amendments to the Bloodborne Pathogen Standard soon followed (OSHA, 2001b) . In addition to federal action, there have been efforts on the state level to require health care facilities to adopt safe needle technology (California OSHA, 1998; Twitchell, 2003) .
Despite the universal precautions and work practice controls outlined by the Centers for Disease Control and Prevention (CDC) and the Bloodborne Pathogen Standard, injuries continued to occur at a relatively high rate, and several surveys reported that health care workers do not comply with safety precautions and do not have access to safety devices. In addition, the increased acquisition cost of new technologies and the cost of staff education and training associated with safety precautions have been cited as obstacles to their implementation (Bamberg, Rivers, & Moore, 2003; Sinclair, Maxfield, Marks, Thompson, & Gershon, 2002) , particularly in instances where a perception exists among decision makers that needlestick injuries are an inherent occupational risk that health care workers must accept (OSHA, 1998) .
However, published evidence suggests that these may be false notions and justifications for the continued high occurrence of needles tick injuries. No systematic reviews on the current epidemiological, and especially economic and health-related quality-of-life (HRQL) burden, of needlestick injuries in U.S. hospitals are publicly available. The purpose of this literature review is to provide a systematic synthesis of the published literature on the burden of needlestick injuries. This review contributes to a clearer understanding of the economic and humanistic implications of a seemingly complacent attitude toward needlestick injuries within the hospital setting.
LITERATURE REVIEW
A systematic literature review was conducted to identify, summarize, and evaluate the English-language literature published between January 1990 and June 2003 describing the epidemiologic, economic, HRQL, and legal aspects of needlestick injuries.
The primary search was performed using PubMed (National Library of Medicine, Bethesda, MD) with the following medical subjects headings and text-only search terms: Internet searches of relevant websites (i.e., CDC, OSHA) and well-known search engines (e.g., Google) were also conducted to assist in the identification of published articles.
The PubMed searches generated a total of 431 epidemiological references and 253 economic and HRQL 118 references combined. PsycInfo searches identified 127 epidemiological, 174 economic, and 307 HRQL references. Two experienced outcomes researchers reviewed the abstract. from each reference independently and retrieved in full text any references thought to be even minimally relevant and valuable. The search of Lexis/Nexis and Westlaw databases generated 148 law reviews and journal articles and 12 cases describing the legal history and implications of needlestick injuries. The electronic searches were supplemented by a manual review of the bibliographies of the articles retrieved. In total, 144 articles were retrieved for review.
The authors screened all full-text articles for final inclusion in the analysis. Only epidemiological studies focusing on health care workers in the hospital setting were included. To be included, economic studies had to report original cost data. All costs reported in the literature were inflated to 2002 U.S. dollars whenever possible.
When the year of the reported cost was not provided in the article, the year of publication was used as a proxy.
In reviewing the literature on occupational exposure to bloodborne pathogens, the definition of "exposure" or injury was not uniform across studies, with some authors reporting on percutaneous injuries or mucocutaneous injuries caused by needles or other sharp objects. For the purpose of this review, only studies focusing specifically on needlestick injuries were analyzed. Studies that included needlestick injuries along with other blood or body fluid exposures were included for thoroughness, particularly if they provided important insight not reported in needlestick-injury-only studies, but were analyzed separately from studies that focused on needlestick injuries exclusively.
EPIDEMlDlOGY OF NEEOLESTICK INJURIES

Percutaneous Injuries in Hospitals
The annual incidence of percutaneous -injuries in the United States has been estimated by both the CDC and the International Health Care Worker Safety Center (IHCWSC). The CDC reported that 384,325 percutaneous injuries occur in the hospital setting each year (IHCWSC, 2000) . This estimate was based on 1997 and 1998 data from the CDC's National Surveillance System for Health Care Workers and 1997 data from the national Exposure Prevention Information Network (EPINet) database. An under-reporting rate of 56.58% was used. The IHCWSC (2000) at the University of Virginia estimated an annual incidence of 295,082 percutaneous injuries in hospital-based health care workers, using 1996 EPINet data and a 39% under-reporting rate.
Needleslick Injuries in Hospitals
The authors identified 11 epidemiological studies that focused specifically on needlestick injuries and provided sufficient data from which an annual incidence could be calculated (Table 1) .
Five studies reviewed occupational exposure reports submitted to the employee health department or equivalent department of the hospital (Haiduven, DeMaio, & Stevens, 1992; Hatcher, 2002; Jackson, et al., 1994; Lin- ---,--...,.----,--...,.---,--.. .,.-----,--,------r--r----r--r--.,...--r-. Alvarado-Ramy, 2003 English, 1992 Beekman, 1994 Longbottom, 1993 Linnemann, 1991 Jackson, 1994 Haiduven, 1992 Author Lanphear, 1991; Longbottom, Cox, & Sokas, 1993) . The annual incidence of needlestick injuries based on these self-reported injuries ranged from 23 to 103 needlestick injuries per 1,000 health care workers. While this method of passive surveillance captures needlestick injury incidents that definitively occurred and were recorded, a large percentage of needlestick injuries are not reported by health care workers. Thus, these estimates typically grossly underestimate the actual incidence of exposures.
In four of the studies, an anonymous, voluntary questionnaire was administered to health care workers to review the number of needlestick injuries sustained during the I to 12 months prior to the study (Aiken, Sloane, & Klocinski, 1997; Heald & Ransohoff, 1990; Mangione, Gerberding, & Cummings, 1991; Tait & Tuttle, 1994) . Tait and Tuttle (1994) asked anesthesiologists to recall needlestick injuries that occurred within the past year. The annual incidence of needlestick injuries derived from the data was 564 needlestick injuries per 1,000 anesthesiologists. Mangione et al. (1991) surveyed internal medicine interns and residents, and an annual incidence of 674 needlestick injuries per 1,000 participants was calculated from their responses. Heald and Ransohoff (1990) found that 630 needlestick injuries occurred per 1,000 residents each year in non-surgical specialties. In a study by Aiken et al. (1997) , a questionnaire constituted one component of the epidemiological analysis, which elicited the number of needlestick injuries or sharps injuries in the prior month from nurses in 20 hospitals. From this study, it was determined that 610 needlestick/sharps injuries occurred per 1,000 nurses each year. Because this method of retrospective survey is anonymous compared with review of the institutional records of the employee health department, health care workers are more likely to report the actual number of 120 needlestick injuries that occurred. However, recall bias arises with this cross-sectional approach, and there is a likelihood of health care workers either overestimating or underestimating the actual number of exposure incidents.
Three prospective studies examined the epidemiology of needlestick injuries by following and surveying health care workers for periods ranging from 1 to 9 months (Aiken et al., 1997; Hansen, Miller, Redman, & McIntire, 1993; Stotka, Wong, Williams, Stuart, & Markowitz, 1991) . Stotka et a!. (1991) administered questionnaires to health care workers that were completed daily at the end of the each work shift for 6 to 9 months. The annual incidence was estimated to be 562 needlestick injuries per 1,000 physicians and students and 178 needlestick injuries per 1,000 nurses. In a study by Aiken et aI. (1997) , nurses from 20 hospitals filled out coupons at the end of each work shift. From this prospective data, it was determined that 770 to 839 needlestick/sharps injuries occurred for every 1,000 nurses each year. Hansen et aI. (1993) questioned radiologists who perform invasive procedures about needlestick injuries.
The yearly injury rate was calculated to be 14needlestick injuries per 1,000 radiologists. This comparatively low incidence is difficult to explain and might be attributed to the reduced exposure to needles of radiologists compared to all other health care workers.
The annual incidence of needlestick injuries in .. health care workers derived from data provided in retrospective studies (610 to 674 needlestick injuries per 1,000 health care workers) and prospective studies (as low as 14 in low-risk subgroups, but more typically up to 839 needlestick injuries per 1,000 health care workers) is substantially higher than that determined by passive surveillance (21 to 103 needlestick injuries per 1,000 health care workers). The injury reports of the employee health department constitute only a fraction of the needlestick mjunes actually sustained. Studies have cited underreporting rates as high as 81% (Heald & Ransohoff, 1990) . Alvarado-Ramy et al. (2003) found that 46% of needlestick injuries were not reported by health care workers. Under-reporting rates were highest for residents (69%), medical students (65%), nurses (32%), and phlebotomists (9%). In a study by Patterson, Novak, Mackinnon, and Ellis (2003) , 41% of needlestick injuries were not reported by third-and fourth-year medical students. Mangione et al. (1991) reported that only 30% of needlestick injuries were reported by internal medicine interns and residents, while Tandberg, Stewart, and Doezema (1991) found that only 35% of injuries were reported during a 5-year period.
Needleslick Injuries per Hospital Bed
To understand the frequency of needlestick injuries as defined by the number of hospital beds in an institution as opposed to the number of health care workers employed, epidemiological studies were identified that reported the size of the study hospital(s) in addition to the incidence of needlestick injuries. From the literature review, the annual incidence was found to range from 13 to 46 needlestick injuries per 100 hospital beds (Beekmann et al., 1994; Haiduven et al., 1992; Linnemann et al., 1991; Longbottom et al., 1993; Rowe & Giuffre, 1991; Sellick, Hazamy, & Mylotte, 1991; Skolnick, LaRocca, Barba, & Paicius, 1993) . It is important to note that all seven studies conducted passive surveillance of employee health department records. Thus, the calculated annual injury rates are most likely low estimates of the true incidence.
Two additional studies reported the occurrence of needlestick injuries among workers in specific areas of the hospital (i.e., medical and surgical units), as opposed to the entire hospital staff (Orenstein et al., 1995; Stotka et al., 1991) . A lower yearly rate of 1 to 25 needlestick injuries per 100 hospital beds was calculated from the data provided. Jackson et al. (1994) and Weatherly, Young, and Andresky (1991) evaluated needlestick injuries within pediatric hospitals and found a slightly higher annual incidence of 49 to 58 needlestick injuries per 100 hospital beds. This elevated incidence demonstrates the potentially higher risk for needlestick injuries in pediatric health care workers. Inadvertent movement during the procedure, restraint of the child, and inconvenient placement of sharps disposal containers out of children's reach may all contribute to the higher incidence of needlestick injuries in pediatric hospitals compared with general hospitals (Jackson et al., 1994) .
Needleslick Injuries in High-Risk Subgroups
While exposure to needles is an issue of great concern to all health care workers, the incidence of needlestick injuries varies greatly with occupational group. Seven epidemiological studies reported the breakdown of needlestick injuries by personnel category, and all studies indicated that the majority (42% to 74%) of reported needlestick injuries was suffered by nurses ( Figure 1 lish, 1992; Haiduven et al., 1992; Jackson et al., 1994; Linnemann et al., 1991; Longbottom et al., 1993) . This is not surprising because the nursing staff has the most patient contact. Physicians and surgeons experienced 0% to 26% of needlestick injuries, and the remaining 22% to 50% of needlestick injuries occurred in other health care workers, such as phlebotomists, laboratory technicians, and janitorial personnel. In a study by Aiken et al. (1997) , residents and medical students sustained the smallest percentage of needlestick injuries (26%), but had the highest under-reporting rate (69%).
The incidence of percutaneous injuries by occupational group in the United States has also been estimated by the IHCWSC. According to the 2001 EPINet database, 44% of 1,918 injuries were sustained by nurses and 15% by physicians (IHCWSC, 2003) .
Likewise, several epidemiological studies have examined the frequency of needlestick injuries in the operating room and found significantly elevated risk of injury in this subgroup (Table I) . Two retrospective studies administered a questionnaire to a specific occupational group within the operating room. Heald and Ransohoff (1990) reported a high annual incidence of 3,800 needlestick injuries per 1,000 surgical residents, and Vergilio, Roberts, and Davis (1993) estimated that 1,000 to 1,920 needlestick injuries occurred per 1,000 third-year medical students.
Another approach has been to evaluate the incidence of needlestick injuries based on the number of operations performed. Benninger, Gupta, and Gilmore (1991) conducted a 2-month prospective study of all elective otolaryngology surgeries. In 228 operations, four needlestick injuries were sustained by operating room personnel, resulting in an annual incidence of 105 needlestick injuries per 1,000 operations. Gerberding, Littell, Tarkington, Brown, and Schecter (1990) performed a similar 2-month prospective study of 1,307 consecutive operating room procedures, from which a yearly rate of 50 needlestick injuries per 1,000 operations was calculated. The evidence suggests that the rate of injury in operating room personnel can be dramatically higher than observed for health care workers in the general hospital setting. Operating room personnel are especially vulnerable to blood exposure and needlestick injuries because surgeries are invasive procedures requiring the use of many sharps instruments during a period of several hours. This finding emphasizes the need to provide education and specific interventions to occupational groups who appear to be at higher risk of injury and bloodborne. pathogen exposure.
RISK OF DISEASE TRANSMISSION
The risk of disease transmission through needlestick injuries varies for HIV, hepatitis B, and hepatitis C. The probability that health care workers will sustain a needlestick injury and acquire an infectious disease is dependent on several factors: • Risk of experiencing a needlestick injury. • Risk that the needle was from an infected source patient.
• Risk of seroconversion following a contaminated needlestick injury.
Risk ofNeedlestick Injury
The annual risk of a health care worker sustaining a needles tick injury in the hospital setting can be estimated from the annual incidence of needlestick injuries (Table  1) . As previously mentioned, the annual risk of injury can be as high as 839 needlestick injuries per 1,000 health care workers in the hospital setting, as projected from a prospective study (Aiken et al., 1997) .
Risk from an Infected Source Patient
The risk of a needlestick injury from an infected source patient is difficult to measure and has not been well studied. In developing probability models for disease transmission, researchers often have relied on the seroprevalence rate of the disease in the patient population as a proxy for the risk of a needles tick injury from an infected source patient.
Human Immunodeficiency Virus. Two studies were identified that used the seroprevalence rate of HIV in a model of cumulative risk of disease transmission (Buergler et aI., 1992; Cheng, Ford, Cheng, Weber, & Kemdt, 1995) . Cheng et al. (1995) incorporated an HIV seroprevalence rate of 5% for the emergency department and a rate of 0.7% for the hospital setting. Different rates were used because the prevalence of HIV infection in the emergency department population tends to be higher than that in other areas of the hospital. Buergler et aI. (1992) included a range of HIV seroprevalence rates (0.32% to 23.6%) because certain geographical regions in the United States have a higher prevalence of patients who are HIV positive than others. For the emergency department, a rate of 5%was used. In most areas of the United States, the seroprevalence of HIV infection is less than 3% (Gerberding et al., 1990) .
Several studies have been conducted in which both the number of needles tick injuries and the number of needles tick injuries from patients who were HIV positive were reported. This allowed for calculation of the probability that the needlestick injury involved an HIV positive source patient. In two of the studies, the definition of injury included needles tick and sharps injuries, and estimates of risk ranged from 0.7% (Hansen et aI., 1993) to 1.0% (Sistrom, Coyner, Gwaltney, & Farr, 1998) . Mangione et al. (1991) and Heald and Ransohoff (1990) calculated the risk of a needlestick injury from a patient who was HIV positive to be 15.4% and 15.5%, respectively.
Hepatitis B Virus. Few studies were identified that evaluated the risk of a needlestick injury from a patient infected with hepatitis B. In a model developed by Buergler et al. (1992) , a hepatitis B seroprevalence rate of 3% to 5% in the general population was used to calculate the probability of a needlestick injury from a patient infected with hepatitis B, an estimate from studies conducted in the early 1980s. Another study by Lulloff, Vergeront, Druckenmiller, & Hoxie (1996) reported that 10 of 2,840 needlesticklsharps injuries in health care workers were from patients infected with hepatitis B, resulting in a risk of 0.4%.
Hepatitis C VIrus. Only one study was identified from which the probability of a needlestick injury from a patient infected with hepatitis C could be calculated. Lanphear et aI. (1994) found that 50 of 309 needles tick injuries were from patients infected with hepatitis C, resulting in a 16% chance that the patient was infected with hepatitis C if a needlestick injury occurred.
Risk ofSeroconversion Following a Contaminated Needlestick Injury
Human Immunodeficiency Virus. Four studies were identified that evaluated the risk of HIV infection in health care workers following a needlestick injury from an HIV positive 'patient (Cardo et al., 1997; Gerberding, 1994; Henderson et aI., 1990; Tokars et aI., 1993) . Gerberding (1994) found one case of infection per 327 HIVrelated needlestick injuries, resulting in a 0.31% chance of seroconversion. In the other three studies, the definition of injury included both needlestick and sharps injuries (Cardo et aI., 1997; Henderson et aI., 1990; Tokars et aI., 1993) . The seroconversion rates reported in two of these studies range from 0.29% to 0.56%, in line with the rate reported for HIV seroconversions associated with needles tick injury only (Henderson et aI., 1990; Tokars et al., 1993) . Tokars et aI. (1993) also examined the risk based on the disease stage of the source patient and found that the risk of HIV transmission was slightly higher at 0.44% for a health care worker exposed to a patient with AIDS. Cardo et aI. (1997) identified four factors that increased the risk for HIV seroconversion after a needlesticklsharps injury involving HIV-infected blood: • Deep injury. • Injury with a device visibly contaminated with the source patient's blood. • A procedure involving a needle placed in the source patient's artery or vein. • Exposure to a source patient who died of AIDS in the 2 months following the occupational exposure.
The cumulative annual and 30-year risk of occupational HIV transmission following a needles tick injury from an HIV-positive patient has been estimated in three studies (Buergler et al., 1992; Cheng et al., 1995; Wears et aI., 1991) . Wears et aI. (1991) reported a 0.1% cumulative risk of HIV infection during a 3D-year career for physicians in emergency departments with a low prevalence of HIV, and a 1.4% cumulative 30-year risk in an emergency department with a high prevalence of HIV. Another study determined that the cumulative annual risk of a health care worker acquiring HIV through an HIVrelated needlestick injury was 0.0075% in the emergency department and 0.0002% in the hospital setting (Cheng et a!., 1995) . These authors also calculated the cumulative 3D-year risk, which was 0.23% in the emergency department and 0.0063% in the hospital setting. A model developed by Buergler et aI. (1992) focused on HIV-related needlestick injuries sustained by surgeons, anesthesiologists, and third-year medical students in the operating room. Depending on the use of no gloves, single gloves, or double gloves, the l-year risk of HIV transmission ranged from 0.006% to 0.083% in surgeons, 0.002% to 0.26% in anesthesiologists, and 0.0013% to 0.009% in third-year medical students. The 30-year risk ranged from 0.17% to 7.27% for surgeons and 0.05% to 2.31% for anesthesiologists, also dependent on the number of gloves worn.
As of December 2001, there were 57 documented and another 138 possible occupationally acquired HIV infections reported to the U.S. national surveillance system (CDC, 2003; Do et al., 2003) . Fifty of the 57 documented seroconversions may have resulted from percutaneous injuries. Sixty-nine percent of source patients had AIDS, 4% were HIV positive and symptomatic, and 11%
were HIV positive and asymptomatic. Forty-two percent of infected health care workers were nurses, 28% were clinical laboratory technicians, and II % were non-surgical physicians.
Hepatitis B Virus. Only one study was identified that estimated the occupational risk of hepatitis B transmission in health care workers (Buergler et al., 1992) . Buergler et al. reported that the l-year risk for seroconversion following a needlestick injury involving blood infected with the hepatitis B virus was 0.76% to 7.35% for nonimmunized surgeons and 0.23% to 2.28% for non-immunized anesthesiologists. The estimated lO-year risk was 7.31 % to 53.4% for non-immunized surgeons and 2.32% to 20.6% for non-immunized anesthesiologists. Of note, these estimates were calculated by using a broad range (6% to 30%) for the risk of seroconversion per exposure to hepatitis B. For third-year medical students who experienced one needles tick injury from a patient with infected hepatitis B, the risk of transmission was 0.18% to 1.75%; five needlestick injuries with blood infected with hepatitis B resulted in a risk of 0.90% to 8.75%.
Hepatitis C Virus. Only one study (Lanphear et al., 1994) provided data on the occupational risk of hepatitis C virus transmission in hospital-based health care workers. The authors reported 50 health care workers who sustained needlestick injuries involving blood infected with the hepatitis C virus, three of whom seroconverted. This equaled a 6% chance of acquiring hepatitis C following a percutaneous injury with a needle.
ECONOMIC BURDEN OF NEEDLESTICK INJURIES
Cost Parameters
The direct and indirect costs associated with needlestick injuries include several distinct components. When an injury is reported to the employee health department, several laboratory tests may be conducted, including an HIV-antibody test, a hepatitis B serology test, and a baseline test for anti-hepatitis C and alanine aminotransferase activity (U.S. Department of Health and Human Services, 2001) . At 4 to 6 weeks, follow-up testing and a test for hepatitis C virus ribonucleic acid may be given. When the source patient is known and consent is given, serology tests are also performed on the source patient as soon as possible.
A second component of the economic burden of needlestick injuries is post-exposure prophylaxis to HIV, hepatitis B, and hepatitis C (U.S. Department of Health and Human Services, 2001). According to CDC recommendations, post-exposure prophylaxis may be given for HIV exposures and should be started within 2 hours of the injury. For health care workers exposed to hepatitis B and not previously vaccinated, the hepatitis B vaccine should be administered. Currently, no guidelines exist for pharmacotherapy during the acute phase of a hepatitis C infection.
In addition to laboratory tests and post-exposure prophylaxis, there are several other cost factors. Counseling of injured health care workers is usually provided and necessary, and lost productivity as a result of reporting and treating the needles tick injury must be included in the total cost. The labor of the employee health department personnel and laboratory testing staff also contribute to the cost of a needlestick injury. Finally, if an occupational infection does result from a needlestick injury, the cost of treating the infection must be considered.
Cost Estimates
From the literature search, 12 studies were identified that reported the cost of a single needlestick injury and described the components of that cost (Dale, Pruett, & Maker, 1998; Friedland, Kulick, Biro, & Patterson, 1996; Gartner, 1993; Hatcher, 2002; Holodnick & Barkauskas, 2000; Jagger, Hunt, & Pearson, 1990; Llewellyn et al., 1994; Mendelson et al., 1998; Orenstein et al., 1995; Ramsey & Nettelman, 1992; Sellick et aI., 1991) (Table 2 ). The estimated total cost of a needles tick injury ranged from $51 to $3,766, with costs varying greatly depending on study methodology and institutional protocol for the management of occupational exposures to bloodborne pathogens. Studies that clearly stated the cost components included in the calculation of the total cost of a needles tick injury are discussed further.
Several studies that assessed the cost of a needlestick injury included the cost of post-exposure prophylaxis for HIV, one of the largest cost components. Holodnick and Barkauskas (2000) calculated a range of the cost of a needlestick injury based on the serology of the source patient ( Figure 2 ). The least expensive scenario was $161, in which the source patient was negative for HIV, hepatitis B, and hepatitis C. No post-exposure prophylaxis was required in this case, and the largest cost parameter was the laboratory tests. The most expensive scenario ($1,937) included post-exposure prophylaxis with zidovudine (AZT), lamivudine, and a protease inhibitor in cases where the source patient tested positive for HIY. In this case, post-exposure prophylaxis constituted the largest cost component. In an economic analysis by Ramsey and Nettleman (1992) , the cost of a 6-week course of AZT prophylaxis, physician examination, complete blood counts and differentials, chemistry panels, initial serum beta-human chorionic gonadotropin for women, and lost wages during testing were included in the estimate. The authors reported a total cost of $2,282.15 per needles tick injury.
A study by Orenstein et a1. (1995) determined the cost of a needles tick injury for different scenarios depen- tThe publication year of the study was used asa proxy for the year of the cost if the latter was unavailable.
Author Year
tcoetparameters and year of costs obtained directly from firstauthor. §Calculated from data provided in the study. Scenario A presents the direct medical cost components of a NI in which the source patient was negative for HIV, HBV, and HCV, and no PEP was required. The cost of a NI totaled $161. (HOld nick, 2000) Scenario B presents the direct medical cost components of a NI in which the source patient was positive for HIV, and PEP included AZT, lamivudine, and a protease inhibitor. The cost of a NI totaled $1,937. dent on the serology of the source patient and vaccine history of injured health care workers. If the source patient was negative for HIV, hepatitis B, and hepatitis C and no follow-up treatment was necessary, the cost totaled $126. If the source patient was HIV positive, the cost of a needlestick injury ranged from $260 (no AZT prophylaxis) to $661 (AZT prophylaxis). If the source patient was infected with hepatitis B, the costs ranged from $385 (health care worker previously vaccinated) to $504 (health care worker not vaccinated). The components of the total cost included the cost of the laboratory tests, hepatitis B vaccine, and HIV prophylaxis. However, it was unclear from the study whether testing of the source patient, employee health department/technical staff labor, and lost productivity were included in the calculations. Jagger et al. (1990) determined the cost of a needlestick injury associated with six different needled devices and compared the cost of injury to the cost of the devices. The average cost of a needlestick injury for the six devices was $834 (range $803 to $939). The disposable syringe resulted in the lowest cost of injury, while the cost of a needlestick injury was highest with an intravenous (IV) catheter. The parameters included in the cost analysis were laboratory tests, testing of the source patient, hepatitis B immunization, and employee health department/technical staff labor. Variations in cost were mostly because of the vaccination status of injured health care workers as opposed to the differences in needlestick injuries associated with the devices. When compared to the purchase price of the devices, the cost of the injuries comprised 36% of the device costs. This proportion was as low as 10% for IV catheters and as high as 457% for hypodermic needles used to connect IV lines. Given that this study was conducted more than a decade ago, it would be worthwhile to conduct an assessment of the cost of injury compared to the current cost of devices.
It is important to note that none of the economic analyses assessing the cost of a needlestick injury accounted for the lifetime cost of complications from a needlestick injury, namely, treating mv, hepatitis B, or hepatitis C. This component must be considered in fully evaluating the economic burden of the occupational exposure to and transmission of a bloodborne pathogen.
Lifetime Cost of Long-Term Complications
Human Immunodeficiency Virus. The lifetime cost of HlV has been estimated to range from $80,902 to $37 I,600 (Freedberg et aI., 2001; Gable, Tierce, Simison, Ward, & Motte, 1996; HeIlinger, 1991 HeIlinger, , 1992 HeIlinger, , 1993 HoItgrave & Pinkerton, 1997; Moore and Chaisson, 1997; Moore, Hidalgo, Bareta, & Chaisson, 1994; Schackman et aI., 2001) . The majority of studies used a decision model to forecast the cost of health care for patients with HIV. Hellinger (1993) estimated the lifetime cost of treating a person with HIV from infection to death at $179,288. The lifetime cost of treating a person from the time of an AIDS diagnosis until death was estimated to range from $137,725 to $164,625 by Hellinger (1991) and from $80,902 (no AZT given) to $130,566 (AZT given) by Moore et ai. (1994) . More recent studies have included the cost of highly active antiretroviral therapy (HAART) in their estimates of lifetime HIV costs (Freedberg et aI., 2001; Gable et aI., 1996; Schackman et aI., 2001) . Depending on treatment regimen and CD4 ceIl count (a measure of immunologic status), the total costs have been reported in these three studies to range from $87,374 to $122,713.
Hepatitis B Virus. Wong (1998) and Wong, Koff, Tine, and Pauker (1995) examined the economic burden of hepatitis B in two studies and found the cost of treat-ment to range from $39,654 to $70,678. Of note, these studies did not include the lifetime costs of cirrhosis or hepatocellular carcinoma, both of which would have contributed significantly to the total cost of treating a patient with hepatitis B from infection until death.
Hepatitis C Virus. Four studies were identified that estimated the lifetime costs of treatment for patients infected with hepatitis C (Salomon, Weinstein, Hammitt, & Goldie, 2003; Wong, 1998 Wong, , 1999 Wong and Koff, 2000) . Recently, Salomon et aI. reported the cost of hepatitis C to range from $8,589 (no treatment) to $23,044 (pegylated interferon and ribavirin). Wong (1998 Wong ( , 1999 and Wong and Koff conducted several studies on the cost of hepatitis C infection in which the cost ranged from $9,719 (no treatment) to $28,436 (standard care).
Cost Effectiveness ofSafety Devices
Two studies were identified in the literature that evaluated the cost effectiveness of safety devices in preventing needlestick injuries to health care. workers (Mendelson et al., 1998; Orenstein et aI., 1995) . In addition, a cost-effectiveness analysis was conducted by the state of California, the first state to mandate the use of engineered controls (California OSHA, 1998) . Of note, as these few studies are 6 to 9 years old, further economic research is warranted to assess the current situation.
A 6-month trial was performed by Mendelson et aI. (1998) to compare a needleless intermittent IV access system with a conventional heparin-lock system. The study projected an annual decrease of 52 needlestick injuries with the safety devices and an incremental hospital-wide cost of $82,822 caused by higher acquisitions costs. Thus, the cost per injury prevented was estimated at $2,571. Orenstein et aI. (1995) conducted a 12-month prospective pre-and post-intervention study of two protective devices: a shielded 3-ml safety syringe and components of a needleless IV system. The number of needlestick injuries decreased from 33 to 14 with the safety devices. The average cost per needlestick injury was estimated at $391, while the excess cost of the safety devices totaled $22,815. This resulted in a cost per needlestick injury avoided of $1,186.
An analysis of the cost effectiveness of safety devices was conducted by the California OSHA in 1998. It was estimated that the implementation of new safety devices would amount to $124 million for the state. However, a cost savings of $228 million and $216 million would be realized with the elimination of new HIV and hepatitis cases, respectively. As a result, an annual savings of $444 million in health care costs was projected (California OSHA, 1998) .
Willingness to Pay
One study was identified that applied a contingent valuation approach to assess the employers' willingness to pay to avoid a sharps injury (Fisman, Mittleman, Sorock, & Harris, 2002 sharps injury. The questionnaire used a "take it or leave it" approach in which participants were given a single monetary bid and asked whether they would pay that amount to prevent the injury. The nine bids ranged from $10 to $5,000. The projected median amount that participants were willing to pay to avoid an injury was $850. When this was adjusted for covariates, including source patient HIV!hepatitis C risk status and working with an uncooperative patient, the median amount increased to $1,270.
Legal Implications ofa Needlestick Injury
An occupational needlestick injury can carry significant liability costs to a health care facility if injured health care workers choose to pursue legal action. Liability costs are important risks for hospital management to consider. When health care workers suffer needlestick injuries, the three basic approaches for legal recovery include pursuing a claim under workers' compensation, a products' liability suit, or a suit against the agents who run the health care institution (Tereskerz, 1997) .
Workers' compensation laws vary from state to state. However, they all preclude suits by individual employees against an employer as the result of an occupational injury, referred to as the exclusive remedy provision (Tereskerz, 1997) . The exclusive remedy provision protects an institution from liability in exchange for an employee not having to prove negligence on behalf of the employer when trying to receive benefits (Tereskerz, 1997) . The protection given by workers' compensation is rather broad as illustrated by the case of Blythe v. Radiometer America, Inc. (1993) . In Blythe, the hospital was found to have knowingly provided defective blood drawing devices to its employees. The court found that regardless of the hospital's actions, the hospital was insulated from liability, and the employee's exclusive remedy was workers' compensation.
In the more recent case of John Doe v. Yale University, the Supreme Court of Connecticut reversed the decision of a lower court that barred the defendant from introducing a defense based on the exclusive remedy provision (John Doe v. Yale University, 2000) . In the John Doe case, the plaintiff, a medical resident who became HIV positive after a needlestick injury, brought suit against Yale University Hospital claiming the hospital was negligent in failing to provide proper training and supervision. In reaching its decision, the court decided that a negligence claim was properly brought against the hospital and that the hospital was the resident's employer and was, therefore, entitled to immunity under the exclusive remedy provision (Tereskerz, 1997) .
Another avenue of recovery for health care workers is to bring suit under product liability (Grimes, 1997; Tereskerz, 1997) . The argument used is that the device that caused the injury was unreasonably unsafe and should not have been on the market. In a product liability case, there are two important factors that the courts consider: how frequently an injury occurs and the severity of the injury (Reiley v. Becton Dickinson Vascular Access, Inc., 1995) . To date, all cases brought under product liability theories with needlestick injuries have settled out of court (Tereskerz, 1997) . These settlements have been protected by confidentiality agreements, so the terms of the settlements are unknown (Riley v. Becton Dickinson Vascular Access, Inc., 1995) .
Finally, an action can be brought against the officers of a health care institution for failing to provide a safe working environment (Tereskerz, 1997) . The intentional failure to provide safe tools can rise to the level of an intentional injury if it is shown that employers believe their conduct is substantially certain to cause injury (Reed Tool Co. v. Copelin, 1985; Rodriguez v. Naylor Industries, Inc., 1989) . Currently, there are no pending cases against the officers of a health care facility for failing to implement or provide safe needle technologies. However, there have been instances in other industries where corporate agents were found criminally liable for not providing employees with proper safety instructions or equipment (Riley v. Becton Dickinson Vascular Access, Inc., 1995) .
HEALTH·RELATED QUALlTY·Of-LiFE BURDEN Of NEEDLESTICK INJURIES
The impact of needles tick injuries on the psychological, emotional, and social well-being of injured health care workers is not well researched. However, the potentially devastating effects of an occupational exposure cannot be overlooked, as illustrated in part by the three studies discussed in this section, which assess the HRQL burden of needlestick injuries and resultant occupational and behavioral changes in injured health care workers.
Gershon et a!. (2000) administered a confidential survey to 65 health care workers who had recently reported an occupational exposure to blood or body fluids to determine their attitudes related to their exposure and the impact on their health and psychological well-being. Psychological symptoms that resulted from the exposure included anxiety (53%), insomnia (18%), depression (13%), loss of appetite (10%), sleepiness (10%), and frequent crying (10%). Self-blame was also often cited. Even after confirmation that the source patient was negative, many injured health care workers continued to be angry and worried for up to a year after the incident, and several reconsidered their career choices (Gershon et al., 2000) . In cases where the source patient refused to be tested, health care workers reported feelings of abandonment as if their needs and worries were unimportant to the health care facility. Married health care workers tended to tell their families about the incident while unmarried health care workers did not because of fear and shame (Gershon et al., 2000) . Many health care workers adjusted their sexual practices by either abstaining from sexual activity or practicing safe sex. These lifestyle changes resulted in one nurse becoming separated from her husband and one physician delaying starting a family. Meisenhelder (1998) surveyed 222 IV nurses to explore the degree of concern related to nine anticipated consequences of occupational exposure to HIV and the relationship of these areas of concerns to fear of conta-128 gion. These nine statements of concerns were: • Employer's maintenance of confidentiality. Fear of contagion was assessed using the personal contact subscale from the Fear of AIDS Scale (Bouton, Gallagher, & Garlinghouse, 1994) , which had a Cronbach's alpha reliability coefficient of 0.74 in this sample. The survey indicated that they were most insecure about finances and employer support, illustrating that health care policies and institutional support for health care workers with occupationally acquired HIV need to be evaluated and strengthened (Meisenhelder, 1998) . The two areas of least concern were related to personal issues, including support of family and friends and housing. The fear-of-contagion scores suggested a non-fearful attitude of the IV nurses and were found to correlate with concern about staying in the current job. Thus, it appears IV nurses who highly fear HIV believe their colleagues would be uncomfortable working with them and, as a result, feel insecure about keeping their jobs (Meisenhelder, 1998) .
In New Jersey, where the prevalence of HIV among patients is relatively high, Ritota, Quirke, and Byer (1996) surveyed 121 residents to determine the influence of HIV infection risk on their attitudes and behavior. The social consequences of HIV caused a change in personal relationships in only 16% of residents. Stress levels were the highest among the 14 respondents who had previously suffered a needlestick injury. Six residents reported experiencing severe stress about acquiring HIV, seven reported moderate stress, and one reported mild stress. Presented with hypothetical HIV infection, 75% of respondents stated they would not end their careers.
The 14 previously injured health care workers did not differ significantly from the group as whole. In this study, residents demonstrated a high level of emotional stability and a healthy attitude about the possibility of occupationally acquired HIV infection (Ritota et a!., 1996) . The authors mentioned, however, that the positive outlook of this study group was not typical of residents nationwide, and the risk of HIV transmission will continue to affect choice of career specialty, geographical selection of training program, and willingness to perform invasive procedures (Ritota et al., 1996) .
In a survey of 390 emergency department residents, Anglin, Kyriacou, and Hutson (1994) found that 62% of respondents expressed worry about their personal safety while working, of which 72% expressed the greatest fear of a needlestick injury from an HIV positive patient. This fear of an HIV-related needles tick injury surpassed that of being assaulted or shot (22%) and testing positive for latent tuberculosis (14%).
DISCUSSION
One of the primary objectives of this review of the literature was to better understand the current epidemiological picture of needlestick injuries in the United States. Studies of needlestick injuries in the hospital setting varied greatly in methodology. As a result, the annual incidence varied greatly (14 to 839 needlestick/sharps injuries per 1,000 health care workers) ( Table 1) . Because of the high degree of under-reporting associated with passive surveillance in particular, and to some extent retrospective studies, the incidence of needlestick injuries as reported by these types of studies tend to severely underestimate the magnitude of the problem (Alvarado-Ramy et al., 2003; Heald & Ransohoff, 1990; Mangione et aI., 1991; Patterson et aI., 2003; Tandberg et al., 1991) . Arguably, the most accurate figures are derived from prospective studies, which have yielded an estimated annual incidence ranging from 562 to 839 needles tick/sharps injuries per 1,000 health care workers.
An analysis of the annual incidence of needlestick injuries based on the number of hospital beds revealed a much narrower range with less variability among studies (13 to 43 needlestick injuries per 100 hospital beds). However, this apparent consistency largely reflects a passive surveillance for determining the incidence of needlestick injuries and, therefore, probably underestimates the actual risk. Nevertheless, reporting the incidence of needlestick injuries in relation to the size of a hospital may actually be more valuable to hospital infection control managers who need to understand the typical incidence of needlestick injuries in hospitals of varying sizes.
The epidemiological findings of this review were somewhat surprising because a substantial decrease in the incidence of needlestick injuries was not observed despite recent legislation and compliance directives. One reason injuries may continue to occur at relatively high rates is health care workers may not or cannot comply with rules and regulations. Despite universal precautions and work practice controls outlined by the CDC and the Bloodborne Pathogen Standard, surveys have found that health care workers continue to recap needles (English, 1992) , not wear the appropriate protective equipment (Gershon et al., 2000) , or dispose of needles improperly (Gillen et al., 2003) . To remedy this failure to comply with risk reduction strategies, education and training are necessary to increase knowledge and change practice habits of health care workers. Studies that have evaluated the incidence of needlestick injuries pre-and post-educational programs found that inappropriate and hazardous behaviors, such as recapping, do change with effective training (Linnemann et al., 1991; Sellick et al., 1991) .
Of note, several studies were conducted more than 10 years ago and may not reflect current needlestick injury incidence rates. Thus, it is possible that with the advent of safer medical devices, the incidence of needlestick injuries may have decreased. New epidemiological research is necessary to more accurately assess the present situation.
A second reason needlestick injuries remain an issue . for health care workers is that many health care facilities are reluctant to adopt needlestick prevention devices. Hospitals have cited the increased acquisition costs and associated costs of staff education and training as obstacles to this change (Bamberg et aI., 2003; OSHA, 1998; Sinclair et aI., 2002) . This lack of safe equipment becomes apparent when reviewing the 2001 EPINet database. Of 1,795 needles tick injuries, 72% were caused by a device without a safety design (e.g., shielded, recessed, retractable needle) (lHCWSC, 2003) . Needlestick injuries may continue to occur because health care workers may not have access to safer devices in hospitals. In this way, the unavailability of new technologies can contribute to the high rate of injuries sustained by health care workers.
While hospitals have indicated that the higher purchase price of safer medical technologies constitutes a barrier to their introduction, the high incidence of needlestick injuries in the hospital setting carries an economic burden that is none too small. The cost of treating an injury was found to range from $51 to $3,766 (Hatcher, 2002; Llewellyn et al., 1994) . In one economic analysis that included the cost of HlV prophylaxis with HAART, the most expensive cost component of a needles tick injury, the total estimated cost was $1,937 ( Figure 2 ) (Holodnick & Barkauskas, 2000) .
Of note, earlier economic studies indicated that laboratory costs were the cost driver in the treatment of needlestick injuries (Gartner, 1993; Jagger et al., 1990; McCormick, Meisch, Ircink, & Maki, 1991) . However, with the introduction of HIV prophylaxis in the past decade, this cost component has become the largest cost factor. The above figures account for the financial burden of testing and post-exposure prophylaxis only. When coupled with the cost of treating a resulting infection, such as HIV, hepatitis B, or hepatitis C, the price tag of a needlestick injury can be hundreds of thousands of dollars. Furthermore, the potential for liability costs incurred by hospitals can catapult the cost of a needles tick injury into millions of dollars.
In addition to evaluating the cost of needlestick injuries when they occur, it is also important to understand the cost of preventing a needlestick injury from occurring (Orenstein et al., 1995) . The cost of preventing a needlestick injury was found to range from $1,186 to $2,571 (Mendelson et al., 1998) . The cost per injury avoided must be interpreted in the context of what health care workers and society are willing to pay to avoid an injury. Fisman et al. (2002) conducted a study of the willingness to pay to avoid a sharps-related injury and found the median amount to range from $850 to $1,270. A willingness to pay approximately $1,000 is stilI less than the cost to prevent an injury-approximately $2,000. However, these two figures are not as disparate as they may appear, especially because the cost to avoid a needles tick injury was most likely overestimated in both studies.
The results of the cost-effectiveness analyses conducted by Mendelson et ai. (1998) and Orenstein et al. (1995) are somewhat questionable on methodological grounds. In the study by Mendelson et al. (1998) , needlestick injuries were collected through passive surveillance, a method known to underestimate the true incidence of needlestick injuries because of the high degree of underreporting by health care workers (Alvarado-Ramy et a1., 2003; Heald &. Ransohoff, 1990; Mangione et aI., 1991; Patterson et aI., 2003; Tandberg et aI., 1991) . In the same study, after implementation of the safety devices, health care workers were followed for 12 to 13 weeks only, and the incidence of needlestick injuries in this time frame was extrapolated to determine the annual incidence. Orenstein et al. (1995) evaluated a safety device for 6 months. The lengths of these two study periods are arguably too short to determine the efficacy of a safety device.
In addition, in several multi-year longitudinal studies the incidence of injuries during the year of implementation (or transition year) of a new safety intervention was not even analyzed. Linneman et aI. (1991) even reported that the incidence of needlestick injuries actually increased during the transition year. This strongly indicates that the full potential of a safety device must be assessed over an extended period of time in a prospective study. Thus, it is likely that the 19 to 52 needles tick injuries projected to be prevented by the engineered injury prevention device were underestimates (Mendelson et al., 1998; Orenstein et al., 1995) . The estimated cost of preventing an injury was probably much less than $1,186 to $2,571 (Fraser, 1998; Mendelson et al., 1998) . Wilner (1997) has suggested that engineered injury prevention devices cannot be evaluated from the perspective of the purchase price alone. Rather, a value-chain cost analysis may prove more effective in determining the actual cost. In this approach, the cost of safer devices includes both process and downstream costs. These downstream costs can include preventative measures, treatment of needlestick injuries, and disposal costs. Other factors that may decrease the true cost of a safety device include an increase in efficiency, the lower risk of liability lawsuits, and the rise in confidence and productivity in health care workers as a result of reduced anxiety and stress (Wilner, 1997) . For example, if the use of safety devices is viewed as a preventive measure against the occupational transmission of HIV to health care workers, the expenditures saved by the hospital in terms of lifetime HIV treatment costs increase the functional value of injury prevention devices. Thus, even though the incremental annual cost of a new technology may surpass that of a conventional device, the true cost of safety needles is less than that of conventional needles when future cost savings are considered.
While the economic burden of safety devices is a valid concern for hospitals and may preclude them from using injury prevention technologies, it is important for health care institutions to not focus on costs alone. There are advantages to engineered controls that are not associated with economics, such as the elimination of the anxiety and stress associated with needlestick injuries. Studies on the psychological impact of an occupational exposure have shown that health care workers experience a high degree of fear and distress following the injury (Gershon et al., 2000; Meisenhelder, 1998) . With time, most health care workers resolve these feelings sur-rounding the incident. However, for some, thoughts about the exposure and reliving the experience continue to haunt their minds for an extended period of time, resulting in post-traumatic stress disorder (Gershon et al., 2000) . While further study is needed to evaluate the short-and long-term effects of occupational exposure incidents on the health and well-being of injured health care workers, the detrimental effects on HRQL cannot be denied.
In addition to the humanistic aspects of injury, the issue of ethics also contributes to the implementation of engineered safety devices. Occupational transmission of HIV and hepatitis B are risks that health care workers have accepted in the past and continue to accept, but with the innovation of safer equipment, this risk may not be necessary. Nelson (1999) examined the cost of a retractable syringe and the implications of not adopting the device. The unit cost of a retractable syringe is less than $0.50 more than a conventional needle. In a hypothetical 1,000-bed hospital that uses 500,000 needles annually, a total of $250,000 would be saved per year. The decision by a health care facility to not implement the retractable syringe means that health care workers save their employer less than $0.50 each time they risk occupational injury with a contaminated needle (Nelson, 1999) . The issue then becomes who has the right to decide whether health care workers should risk injury at an incremental benefit of less than $0.50 per exposure to the hospital. The ethical issue is clear because the hospital's reluctance to use safer medical devices threatens the lives of health care workers (Nelson, 1999) .
In light of the HRQL impact and ethical concerns related to injuries with needles, it may not be appropriate to view engineered safety devices as a cost-effectiveness issue. Instead, it may be more appropriate to think about safer technologies from the perspective of an injury prevention measure. Society places a high value on measures that reduce the risk of injury, even if this means that significant resources are spent in the process. In the past decade, the U.S. government has instituted important regulations to improve the safety and health of workers and the general population. In some cases, these regulations led to cost savings, as in powered industrial truck operating training (Anonymous, 2003) . However, other regulations have resulted in significant costs to and demands on employers and the public. For example, child restraints in vehicles has a cost-effectiveness ratio of $347,000 per life-year saved, while reducing exposure to methylene chloride saves one life-year at a cost of $1.22 million (Anonymous, 2003) . Thus, in general, preventing injuries is not necessarily a cost-saving endeavor, but it can potentially reduce health care costs and save lives (Yeh, Botteman, Pashos, Postma, & Staginnus, 2002) . Overall, it is the authors' contention that humanistic, ethical, and safety concerns weigh heavily on the issue of engineering injury prevention devices and must be taken into consideration. Further research is needed to comprehensively evaluate the epidemiological and economic implications of safety devices on the health and safety of health care workers.
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